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Attached  is  the  final  report  on  the  FVRfi  RTAP  FHWA  WIM 
Proiect  entitled,  "Evaluation  of  the  Coordination  of  Weigh- 
in-Motion  Truck  nara."  This  nroiect  is  funded  hv  the  FHWA 
and  has  been  conducted  in  cooperation  with  the  Indiana 
department  of  Highwavs.  This  report  covers  a  detailed 
evaluation  of  the  VIM  program  needs  and  coordination 
requirements  in  Indiana.  It  is  expected  that  the  findings 
of  this  study  will  not  only  assist  in  a  coordinated  data  use 
management,  but  will  also  help  to  improve  the  design  of  the 
WIM  as  well  as  the  entire  truck  data  collection  program. 
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FHWA  RTAP  WIM  COORDINATION  STUDY 


Introduction 


Indiana  is  a  cross-road  state  lying  at  the  junction  of 
major  east-west  and  north-south  interstate  routes.  Indiana 
is  also  one  of  ten  states  with  the  largest  truck 
registrations  in  the  country  [1].  Systematic  information  on 
truck  weight  distribution  on  Indiana  highways,  however,  has 
been  lacking.  Indiana  was  among  the  first  states  that 
became  interested  in  Weigh-in-Motion  (WIM)  in  its  early 
stages.  In  1978  WIM  was  installed  as  a  screening  device  at 
a  permanent  weigh  station  following  a  decision  made  early  in 
1975.  In  spite  of  disappointing  performance  of  the  original 
WIM  equipment,  the  interest  in  WIM  has  continued.  The  idea 
of  using  WIM  for  weight  measurements  was  rekindled  in  1985 
when  a  HPR  study  entitled  "Pilot  Study  of  a  Portable  High 
Speed  Weigh-in-Motion  System"  was  started  by  the  Division  of 
Research  (DOPO  of  Indiana  Department  of  Highways  (IDOH).  In 
addition  to  this  study,  an  FHWA  FY86  RTAP  study  entitled 
"Evaluation  of  Coordination  of  WIM  Data"  was  started  in  1Q86 
and  undertaken  by  Purdue  University  through  the  Joint 
Highway  Research  Project  (JHRP)  in  cooperation  with  IDOH  and 
the  Indiana  State  Police. 


Study  Objectives  and  Mai or  Work  Elements 

The  major  objective  of  the  RTAP  WIM  Coordination  Study 
is  to  review  practices  and  needs  of  transportation  and  other 
agencies  in  Indiana  regarding  the  use  of  truck  weight  and 
traffic  data  as  well  as  the  appropriate  organization  for 
program  administration,  field  operation  and  equipment 
support  for  WIM  data  collection  and  analysis. 

The  above  objective  is  being  accomplished  through  the 
following  major  tasks: 

1  .  Review  current  and  planned  activities  of  states  using 
WIM  data. 

2.  Identify  all  possible  users  of  WIM  data  including  the 
types  of  information  desired  or  used  now. 

3.  Identify  elements  of  WIM  program  administration,  field 
operation,  equipment  support  and  WIM  data  sharing  in 
Ind  iana . 

A.  Develop  alternative  methods  of  coordination  and 
evaluate  their  effectiveness. 

5 .  Select  the  desirable  method  of  coordination  for 
implementation  and  document  the  findings  for  national 
di  s  t  r  ibut  ion . 


This  final  report  presents   information   covering   the   five 


completed  tasks  described  above.  Results  presented  in  the 
earlier  interim  report  [2]  have  been  incorporated  in  this 
report.  A  summary  review  of  WIM  practices  in  other  states 
is  presented  as  well  as  results  of  a  survey  of  truck  weight 
data  requirements  of  various  transportation  related  agencies 
in  Indiana.  Current  programs  of  IDOH  Division  of  Program 
Development  (PDD)  and  Division  of  Research  CDOR)  are 
described  and  they  provide  a  basis  for  suggested 
alternatives  for  a  new  truck  WIM  data  collection  program  for 
Indiana.  The  pros  and  cons  of  suggested  alternatives  are 
discussed  with  recommendations  as  well  as  cost  of  operating 
new  equipment . 

Summary  of  WIM  Experience  in  Other  States 

The  NCHRP  has  recently  published  a  Synthesis  [3]  on  the 
use  of  WIM  systems  for  data  collection  and  enforcement.  WIM 
technology  has  been  tested  and  used  in  Canada,  in  the  UK  by 
the  Transport  and  Road  Research  Laboratory,  as  well  as  in 
France  and  other  European  countries  and  South  Africa.  In 
the  U.  S.,  42  states  including  Indiana,  have  used  seven 
different  WIM  systems  (Table  1).  The  WIM  system  originally 
used  by  Indiana  for  screening  at  permanent  static  weigh 
stations  was  manufactured  by  Streeter  Richardson.  Three 
states  have  used  at  most  three  WIM  equipment  types,  eight 
states  have  used  two  types  and  the  rest  used  only  one  type 
of   WIM   equipment   at   any   time.   Table  1  presents  general 


Table  1.   Summary  of  States'  Experiences  with  Various  WIM 
Equipmen  t . 


WIM  Type 

Number  of 
States  Using 
Equipmenf'' 

Types  of  Use  * 

Special  Characteristics  and 
Advantages  and  Disadvantages" 

Bridge  WIM 

11 

1.    Planning 

1.  Snail  crev  (2)  required  for  installation 

2.  Target  Enforcenent 

3.  Special  Studies 

4.  Cost  Allocation 

2.  Extensive  rehabilition  of  road  approach 
nay  not  alvays  be  required. 

3.  Multi-vehicle  bridge  load  infornation  can 

5    ESAL  Deternination 

be  obtained 

4.  Flexible  and  portable  systen 

5.  (lore  data  can  be  collected  in  less  tine 
than  vith  a  static  scale. 

E.  Systen  is  usually  undetectable  by  drivers 

7.  Requires  a  suitable  bridge  before  data 
collection  can  be  possible. 

8.  A  naxinun  of  65  ft  single  span  or  a  series 
of  non-continuous  spans  are  required. 

9.  Difficult  to  isolate  individual  truck  data 
in  high  volutte  traffic. 

10.  Accuracy  nay  be  inadequate  for  enforcenent 

11.  Data  reliability  decreases  with  angle 
of  bridge  skev 

12.  Center  lane  is  difficult  to  monitor  on 
3-lane  highways 

Radian 

13(3)*** 

1.  Collection  of  TVS  data 

1.  Data  can  be  obtained  fron  4  lanes  at  a  tine 

2.  Equipment  has  been  durable  and  reliable 
over  a  long  period  of  tine 

3.  Bridge  fornula  conpliance  is  determined 

IRD 

4 

1.  Truck  vaight  nonitoring 

1.  Continuous  operation  even  in  oxternely 

2.  Nediun  speed  IRD  used 

cold  tenperature. 

as  a  vehicle  sorter 

2.  Hultilane  nonitoring  is  possible 

before  static  ueighing. 

3.  Systen  has  been  interfaced  uitJt  till  in 
Oregon. 

*  Summarized  from  NCHRP  Synthesis  No.  124  [3]. 
**  Some  States  have  used  more  than  one  equipment  type  at  a  time 
***  Number?  in  parenthesis  show  number  of  states  out  of  the  total 
recorded  that  have  removed  their  equipment. 


Table    1.        Continued. 


WIM  Type 

Number  of 
States  Using 
Equipment** 

Types  of  Use* 

Special  Characteristics  and 
Advantages  and  Disadvantages* 

Siemens- 

8  (1)*** 

1.  Planning  and  Design 

1.  Nultilane  nonitoring 

All  is  (PAT) 

2.  Enforcenent  Sorting 

2.  Ueight  transducers  mist  cover  entire 
entire  lane  width  to  avoid  straddling 

3.  Accuracy  criteria  nay  vary  according  to 
need  and  criticality 

4.  Problens  have  been  experienced  vith 

electronic  conponent  failure  and  vith 
grouting  for  franes 
5.  Longitudinal  grades  caused  braking  and 

acceleration  uhicb  affected  accuracy. 

6.  Ueighnats  installed  flush  with  the  ground 
can  be  used  vnen  ice  and/or  snov  are  on 
the  road. 

Streeter 

12 

1.  Enforcenent  screening 

1.  Best  to  install  in  concrete  and  provide 

Richardson 

2.  Truck  Ueight  Study 

3.  denote  nonitoring 

lightning  protection. 

2.  Operable  in  several  nodes,  autonatic 
polling  and  telene'try.  TUS.  selective 
ueight  enforcenent,  renote  nonitoring, 
and  diagnostic  and  initial  set  up 

3.  Used  for  vehicle  sorting 

Golden  River 

5 

1.  Truck  ueight  nonitoring 

1.  Can  be  st  up  by  creu  of  2  in  less  than 
1  hour  and  can  be  operated  unattended. 

2.  Heasurenents  vere  sonetines  influenced 
by  speed,  anbient  tenperature,  axle 
ueight  and  site  selection 

3.  Sites  should  be  level  uith  snooth 
approaches  and  net  subjected  to  heavy 
braking. 

Weighwrite 

2  (1)*** 

No  information  available 

No  information  available 

*  Summarized  from  NCHRP  Synthesis  No.  124  [3]. 
**  Some  States  have  used  more  than  one  equipment  type  at  a  time 
***  Numbers  in  parenthesis  show  number  of  states  out  of  the  total 
recorded  that  have  removed  their  equipment. 


characteristics  of  the  seven  WIM  types  including  some 
advantages  and  disadvantages  mentioned  hy  the  states  that 
have  used  them. 

The  experiences  of  the  states  using  WIM  have  been 
varied  and  generally  the  type  of  problems  experienced  have 
differed  depending  on  the  type  of  equipment  used.  The  NCHRP 
Synthesis  [3]  describes  some  experiences  of  individual 
states  using  each  of  the  specific  equipment  types  that  have 
been  summarized  in  Table  1.  The  Bridge  WIM  (BWIM)  system  is 
the  only  one  that  is  not  installed  on  highway  pavements 
directly.  It  has  been  found  to  be  undetectable,  accurate 
and  flexible  to  use  by  most  states  using  them.  The  system 
is  generally  portable  as  long  as  suitable  bridge  structures 
are  available  for  installation  T 3 ] .  It  is  an  useful 
technology  for  monitoring  truck  weights  on  highways  other 
than  Interstates.  The  BWIM  option  was  not,  however, 
initially  selected  by  the  IDOH.  The  DOR  ( IDOH)  is  currently 
using  a  portable  Golden  River  Weighman  equipment  in  its 
pilot  studies. 

WIM  Systems  Accuracy 


A  major  consideration  regarding  the  use  of  WIM  for 
purposes  including  enforcement  is  the  level  of  accuracy  of 
the  weight  measurement.  The  Bureau  of  Standards  stipulates 
that   a   wheel   load  weigher  should  have  an  accuracy  of  ±  IT 


when  tested  for  certification  and  thereafter  maintained  at  ± 
2%  [3,4].  Studies  by  Lee  [3,5]  showed  that  the  accuracy  of 
WIM  systems  that  measure  dynamic  loads  is  affected  by 
roadway,  vehicular  and  environmental  factors.  Roadway 
factors  can  be  controlled  during  site  selection  while 
environmental  factors  can  be  controlled  through  careful 
scheduling  but  vehicular  factors,  especially  tire  condition, 
are  difficult  to  control.  Suitable  levels  of  acceptable 
accuracy,  especially  for  higher  speed  WIM  operation,  need  to 
be  established.  If  the  measured  weights  are  to  be  used  to 
determine  proportion  of  trucks  that  are  overweight,  or 
violators  of  weight  limit  regulations,  suitable  dynamic 
weight  limits  should  be  established  to  enable  appropriate 
enforcement  measures  to  be  taken.  Otherwise,  WIM  technology 
should  be  used,  at  least  now,  to  determine  truck  weight 
distribution  for  planning,  pavement  design  and  pavement 
management  purposes  only.  Once  the  levels  of  accuracy  have 
been  established,  the  information  can  also  be  used  for 
highway  cost  allocation  purposes.  For  Indiana,  the  accuracy 
of  the  portable  WIM  equipment  is  being  determined  as  part  of 
a  pilot  study  undertaken  as  a  HPT  project . 


Survey  of  Data  Needs  of  Organizational  Units  in  Indiana 


Sixteen  organizational  units  including  individual 
agencies  and  IDOH  divisions  were  interviewed.  Appendix  A 
presents  a   list   of   the   organizational   units   that   were 


contacted  as  well  as  a  summary  of  their  individual 
requirements  for  truck,  weight  and  other  traffic  data.  Other 
agencies  such  as  County  Highway  Departments  were  not 
included  in  the  survey.  Nevertheless,  their  specific  data 
needs  would  be  similar  to  the  requirements  identified  for 
some  of  the  major  users  included  in  the  survey.  Although 
County  Highway  Departments  usually  plan  their  highway 
network  separately  from  the  IDOH ,  selected  county  highway 
locations  could  be  included  in  the  IDOH  WIM  monitoring 
programs  to  cater  for  general  county  highway  planning  needs. 
Tables  2  to  5  present  summary  information  on  the  frequency 
of  truck  weight  data  use,  data  used  or  needed,  purpose  for 
which  truck  weight  data  is  used  and  suggested  locations  for 
which  WIM  data  collection  would  be  desired.  Truck  traffic 
and  weight  data  are  currently  used  or  desired  by  13  out  of 
the  15  organizational  units  interviewed.  A  representative 
of  the  Indiana  Motor  Truck  Association  (IMTA)  was 
interviewed  in  addition  to  the  above  but  the  comments 
concerned  mainly  enforcement  and  they  are  included  in  the 
section  on  enforcement  later. 

Characteristics  of  Truck  Traffic  and  Weight  Information 


Table  3  suggests  that  truck  volumes  from  vehicle 
classification  counts  is  the  most  frequently  used  or  desired 
information.  Gross  Vehicle  Weight  and  other  axle  weight 
characteristics   are   required   by  some  organizational  units 


Table  2.   Frequency  of  Truck  Weight  Data  Use  by  Various 
Organizational  Units  in  Indiana 


Number  of 

Frequency 

of  Use 

Org .  Units  * 

1. 

Rout  inely 

4 

2. 

Used  As  Needed 

5 

3. 

Not  used  now  but 

data  can 

be 

useful 

4 

4. 

Not  used  at  all 

2 

*  Total  Number  of  Organizational  Units  interviewed  was  15 


10 


Table  3.   Trucks  and  Truck  Weight  Information  Used  or  Desired. 


Number  of 

Percent 

of 

Type  of  Information 

Org.  Units 

Total 

1 . 

Vehicle/Truck  Volumes 

(Vehicle  Classification  Counts) 

1  1 

73 

2. 

Gross  Vehicle  Weight 

7 

47 

3. 

Axle  Weight  Distribution 

5 

33 

4. 

Number  of  Axles 

4 

27 

5. 

Annual  Truck  Weight  Trends 

4 

27 

6. 

Axle  Spacing 

2 

13 

7. 

Axle  Weights  by  Highways  Lanes 

2 

13 

8. 

Percent  of  Trucks  Overweight 

7 

9. 

Truck  Volumes  Bypassing  Weigh  Stations 

7 

10. 

Axle  Weight  Distribution  by  Vehicle 
Type  and  Highway  Functional  Class 

7 

1  1  . 

Passenger  Car  Equivalence  of  Trucks 

7 

12. 

Vehicle  Speed 

7 

13. 

Time  of  Passage 

7 

14. 

Truck  Lengths 

7 

15. 

Unladen  Truck  Weight 

7 

16. 

Purchase  Date/Price 

7 

17. 

Bridge  Formula  Compliance 

7 

18. 

Commodity  Flow  Characteristics 

3 

20 

11 


Table  A.   Purpose  of  Truck  Information  Use 


Number  of 

Percent  of 

Purpose 

Org .  Uni  ts 

Total 

1. 

Traffic  Characteristics  and  Growth  Factors 

8 

53 

2. 

Traffic  Safety 

5 

33 

3. 

Pavement  Design 

A 

27 

A. 

Pavement  Management 

A 

27 

5. 

Revenue  Estimation 

A 

27 

6. 

Bridge  Design 

3 

20 

7. 

Traffic  Regulations 

3 

20 

8. 

ESAL  Determination 

2 

13 

9. 

Enf  o rcement 

2 

13 

10. 

General  Transportation  Policy 

2 

13 

11. 

Inters t ate/ Internat ional  Vehicle  Registration 

1 

7 

12. 

Geometric  Design 

1 

7 

13. 

Truck  Permits 

1 

7 

12 


Table  5.   Highway  Locations  Recommended  for  WIM  Monitorinj 


A.   Rural  Highways 


Highway  Functional 

Number  of  Org.  Units 

Class 

Recommend  ing 

Interstates 

7 

Principal  Arterials 

7 

Minor 

Arterials 

6 

Ma  j  or 

Collectors 

7 

Minor 

Collectors 

5 

Local 

Roads 

4 

Urban  Highways  and  Streets 


Interstate 

3 

Freeways  and  Expressways 

4 

Primary  Arterials 

3 

Secondary  Arterials 

2 

Collectors 

1 

Residential  Streets 

1 

13 


whose  work  involves  the  use  of  such  truck  weight  data. 
Organizational  units  like  the  Bureau  of  Motor  Vehicles  and 
the  Permits  Section  of  IDOH  Maintenance  Division  require 
truck  weight  information  at  the  time  of  registration  or  when 
overs ize /overweight  vehicles  request  for  special  permits. 
However,  the  Indiana  Department  of  Revenue  would  like  to 
have  on-road  truck  weight  information  to  be  able  to  assess 
we ight -dis tance  characteristics  for  tax  purposes. 


Purpose  for  Using  Truck  Information 


The  summary  of  purposes  expressed  by  the  organizational 
units  is  presented  in  Table  4.  Specific  responses  by 
individual  agencies  are  presented  in  Appendix  A.  The 
primary  purpose  for  using  truck  weight  information  is  to 
determine  traffic  characteristics  and  growth  factors.  In 
addition,  traffic  safety,  pavement  management,  pavement 
design  were  also  important.  Owing  to  the  use  of  standard 
design  vehicles  in  bridge  design,  truck  and  axle  weight  data 
are  considered  useful  mainly  when  determining  bridge  fatigue 
characteristics.  Since  weight  limits  are  stipulated  in 
traffic  regulations,  continuous  monitoring  of  overweight 
characteristics  is  required  for  effective  enforcement  by  the 
Police . 
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Location  of  Current  Truck  Weight  Monitoring  Stations  in  Indiana 

Indiana  currently  has  fifteen  weigh  stations  including 
two  mechanical  scales  on  highways,  IIS  6  and  US  20.  The 
remaining  electronic  scales  are  on  Interstates.  Appendix  R 
describes  the  locations  of  the  weigh  stations.  Two  WIM 
screening  scales  are  also  located  at  two  stations  on  1-94. 
The  Maintenance  Division  of  IDOH  has  a  program  for 
rehabilitating  and  modernizing  the  existing  scales. 
Facilities  for  computer  hookup  have  been  provided  with  some 
scales  but  are  not  being  used. 

The  survey  results  in  Table  5  show   that  truck   weight 

monitoring    should   be   extended   to   cover  other   highway 

functional  classes.   A  small  sample  would   be  desirable   on 
minor  collectors  and  local  roads. 

Truck  Traffic,  Truck  Weight  and  WIM  Data  Collection 

Two  divisions  of  IDOH  currently  collect  information  on 

truck    traffic   volumes   and   weights.    Summaries   of  the 

locations  and  programs  for  data  collection  are  presented  in 

the   following  sections  for  Program  Development  Division  and 
Division  of  Research,  respectively. 

Program  D e  v  elopment  Div i  s  ion  ( IDOH) 


The  Program  Development   Division   (PDD)   of   IDOH,   in 
cooperation  with  FHWA ,  conducts  a  statewide  Truck  Weight  and 
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Vehicle  Classification  Study  in  odd  numbered  years.  In 
even-numbered  years,  only  a  Vehicle  Classification  Study  is 
undertaken.  The  information  collected  in  the  Truck  Weight 
Study  is  sent  to  FHWA  for  processing  and  the  FHWA  in  turn, 
provides  IDOH  with  results  [6] .  The  data  compiled  on  truck 
weight  include  gross  vehicle  weight,  axle  weight,  percent 
trucks  overweight,  truck  classification  and  number  of  axles 
and  spacing.  W-Tables  and  Percent  Truck  information  are 
also  prepared.  The  requirements  for  truck  weight  monitoring 
have  been  set  by  FHWA  \7].  The  1QR3-1985  Indiana  Traffic 
Statistics  Peport  r  6  ]  has  summary  information  in  W-3  tables 
showing  number  of  loaded  and  empty  trucks  for  all  stations. 
18-kip  axle  weight  rates  and  equivalents  for  flexible  and 
rigid  pavement  design  are  also  presented  in  the  report.  The 
locations  where  truck  weight  information  was  collected  in 
1983  and  1985  are  shown  in  Figure  1.  The  PDD  estimates 
percentage  of  trucks  from  manual  traffic  classification 
count  data.  Table  6  shows  the  distribution  of  manual 
classification  count  stations  from  1979  to  1986.  The  number 
of  stations  set  up  varied  from  year  to  year  and  different 
combinations  of  locations  were  monitored. 


Between  Fall  1985  and  Spring  1986,  the  state  continuous 
stations  were  modernized  using  telemetry.  The  number  of 
permanent  stations  were  increased  from  31  to  60.  (See 
Figure   2   and   Table  7.)   The  locations  were  selected  using 
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f      J  TRUCK  WEIGHT  FOR 
^-s  1983  AND  1985 


a 


TRUCK  WEIGHT  FOR 
985  ONLY 


TRUCK  WEGHT 
FOR  1983  ONLY 


Figure   1.      Truck  Weight    Study   Locations:      1983  and    1985. 
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Table  6.   Manual  Traffic  Classification  Count  Locations 

( 1979-1983) 


Type  of  Highway 


Total  Individual 
Stations  Listed 


Year/Number  of  Stations 
1979    1980    1981    1983 


Rural  Interstate 

Rural  Primary 

Rural  Secondary 

Urban  Interstate 

Urban  Primary 

Urban  Secondary 


20 
46 
15 
21 

10 

4 


8 

11 

9 

1  1 

5 

21 

10 

21 

2 

9 

2 

11 

- 

3 

1 

5 

3 

3 

3 

1 

1 

3 

2 

3 

Source:  Program  Development  Division,  IDOH 


Table  6  (Continued).   Manual  Traffic  Classification  Count 
Locations  (1984-1986) 


Type  of  Highway" 


Total  Individual 
Stations  Listed 


Year/Number  of  Stations 
1984     1985      1986 


Rural  Interstate 

Rural  Other  Primary 
Arterial 

Rural  Min.  Arterial 

Ma j  or  Collector 

Urban  Interstate 

Urban  Prim.  Arterial 

Urban  Min.  Arterial 


20 
46 

15 

21 
10 
4 


10 

8 

14 

9 

4 

11 

3 

2 

15 

0 

3 

15 

15 

3 

18 

2 

1 

7 

1 

3 

5 

Source:  Program  Development  Division,  IDOH 
*Based  on  new  classification  system. 
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TELEMETRY  SITES 
A    WIM  PILOT  SITES 
■   SPEED  STUDY  SITES 
1    ALTERNATE  WIM 

SITES 


UNSUITARLE  FPn  STEED 
MONIlOfllNG  WITH  1ELEME1I1V 


Figure  2.   Current  Telemetry,  Speed  Study  and  WIM  Pilot  Study  Stations, 
(As  of  May  1987) 
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Table  7.  Continuous  Telemetry  Traffic  Count  Stations 


Number  of 

Type  ( 

Df  Highway 

Stations 

Rural 

Interstate 

8 

Rural 

Arterial 

14 

Rural 

Collector 

16 

Urban 

Interstate 

8 

Urban 

Arterial 

14 

Urban 

Freeway 

2 

Source:  Program  Development  Division,  IDOH 
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both  random  sampling  and  informed  judgment.  Hsing 
telemetry,  each  site  is  monitored  and  data  are  retrieved 
from  the  field  units  by  an  office  operated  central 
microcomputer  that  is  linked  to  a  telephone  line.  The 
microcomputer  will  also  be  used  for  preparing  data  for 
editing  and  storage  on  a  mainframe.  The  equipment 
determines  traffic  volume,  vehicle  classification,  axles, 
truck  lengths  and  speed  depending  on  the  program 
configuration  applied  to  the  field  micro-processor  counter 
but  not  the  related  weight  information. 

The  PDD  believes  that  undertaking  W1M  in  addition  to 
current  programs  is  possible  but  depends  on  the  availability 
of  the  required  resources.  However,  other  IDOH  divisions 
and  other  state  agencies  requiring  WIM  information  should 
provide  specifications  and  be  prepared  to  analyze  the  data 
collected  . 

Division  of  Research  fir>OH>  -  WIM  Pilot  Studv 


The  DOR  began  a  pilot  WIM  data  collection  program  using 
a  portable  Golden  River  Weighman  equipment.  Thirty-two 
randomly  selected  locations  were  identified  and  summary 
information  on  the  distribution  by  highway  functional  class 
is  in  Table  8.  The  number  of  WIM  study  locations  represents 
the  minimum  requirements  of  FHWA .  Sites  on  Rural 
Interstates  were  selected  near  existing  weigh  stations.   The 
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Table  8.   Pilot  WIM  Highway  Functional  Class  Groupings 


Highway 

Number  of 

Fu 

net  ional  CI 

ass 

Locations 

Rural 

Interstate 

7 

Urban 

Interstate 

5 

Rural 

Other 

Principal 

Arterial 

5 

Rural 

Minor 

Arterial 

Rural 

Ma  j  or 

Collector 

5 

Rural 

Minor 

Collector 

Urban 

Other  Freeway  and  Expressway 

5 

Urban 

Other  Principal  Arterial 

Urban 

Minor  Arte  rial 

5 

Urban 

Collector 

Source:  Division  of  Research,  IDOH. 
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other  locations  coincided  with  either  the  Indiana  Speed 
Study  sites  or  traffic  count  sites  used  in  the  Indiana 
Highway  Cost  Allocation  Study  [8].  The  stations  sometimes 
also  coincided  with  telemetering  sites  as  shown  In  Figure  2. 


The  DOR  experienced  problems  with  the  operation  of  the 
Golden  River  portable  equipment  at  sites  on  reinforced 
concrete  pavements.  Steel  reinforcement  was  found  to 
interfere  with  the  performance  of  the  loops  during 
measurements  hence,  WIM  measurements  were  discontinued  from 
the  latter  part  of  the  summer  of  1QP6.  Golden  River 
Corporation  recalled  the  equipment  and  the  problem  was 
resolved.  The  riOR  received  new  software  for  the  equipment 
and  resumed  measurements  In  November,  1987.  The  system  has 
since  functioned  properly  in  all  weather  conditions  -  rain, 
cold,  light  snow  and  heat.  Throughout  the  pilot  studies  the 
WIM  equipment's  good  performance  has  depended  on  proper 
installation.  As  a  result,  much  of  the  effort  by  the  pilot 
project  team  has  been  in  determining  an  installation 
procedure  that  will  work  under  different  weather  conditions. 
The  loop  and  pad  protection  has  been  particularly  important 
and  the  bituthane  seals  have  performed  satisfactorily.  The 
DOR  has  used  loops  made  of  sturdy  home-run  cable  of  Conoga 
wire  strapped  on  plywood  boards  that  have  performed  well. 
The  experience  from  the  pilot  studies  is  an  asset  to  the 
pnn. 
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In  spite  of  satisfactory  total  performance,  the  system 
has  had  difficulty  throughout  the  pilot  studies  in  sensing 
proper  wheelbase  and  overall  length  of  vehicles.  A  major 
reason  of  this  difficulty  was  the  seepage  of  water  into  the 
pad.  Further  investigations  are  still  anticipated.  Five 
sites  out  of  the  original  32  had  been  monitored  by  the  end 
of  December,  1987.  In  general,  the  cost  of  system  operation 
was  considered  reasonable  by  DOR  and  wear  and  tear 
experience  have  been  incorporated  in  cost  estimation  for  the 
new  program. 

An  analysis  of  static  and  WIM  gross  weights  of  about 
1100  trucks  by  the  DOR  showed  that  90%  of  the  time  the  gross 
vehicle  weight  was  within  20%  of  the  static  vehicle  weight. 
Although  this  level  of  accuracy  may  not  be  adequate  for 
enforcement  purposes  where  citation  is  issued,  it  may  be 
adequate  for  the  information  to  be  useful  for  planning  and 
design  purposes. 

Enforcement  and  Trucker  Cooperation 


Enforcement  will  continue  to  be  undertaken  by  the 
Indiana  State  Police  for  overweight  violations.  The  Police 
consider  education  programs  aimed  at  improving  the 
cooperation  of  truckers,  paramount  to  effective  and 
successful   enforcement.    Previous   experience   of   Indiana 
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State  Police  has  demonstrated  the  importance  of  such 
cooperation  in  the  success  of  safety  inspection  programs  in 
Indiana  [9].  The  police  endorse  any  programs  seeking  to 
encourage  and  improve  the  cooperation  of  truckers. 

The  representatives  of  the  IMTA  and  the  American 
Trucking  Association  (ATA),  when  contacted  in  the  present 
study,  expressed  concern  about  accuracy  of  truck  sampling 
applied  in  drawing  conclusions  from  WIM  surveys.  They 
endorse  the  use  of  WIM  data  for  planning  and  other 
engineering  purposes.  However,  if  WIM  is  used  for 
estimating  such  characteristics  as  percent  of  trucks 
overweight,  it  was  feared  that  the  data  accuracy  may  be 
suspect.  It  was  further  pointed  out  that  the  particular 
software  used  may  greatly  influence  the  accuracy  of  data  and 
the  results  of  analysis.  The  accuracy  depends  also  on  the 
methods  of  signal  sampling  applied  by  the  WIM  equipment 
used.  Hence,  the  above  factors  affecting  accuracy  should  be 
considered  in  selecting  the  WIM  equipment. 


The  above  sentiments  further  endorse  the  importance  of 
ensuring  equipment  accuracy  in  extending  the  use  of  WIM  data 
for  enforcement  purposes.  In  Indiana,  the  results  of  the 
Pilot  WIM  study  program  will  determine  the  feasibility  of 
eventual  extensive  application  of  WIM  technology  for  truck 
weight  data  collection  for  highway  planning  and  design  and 
for  enforcement  of  regulations. 
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Summary  Survey  Conclusions 

The  following  conclusions  and  recommendations  are  drawn 
from  the  survey  results. 

1.  There  exists  a  definite  need  for  consistent  data  on 
truck  traffic  and  weight  distribution  on  Indiana 
highways  for  planning  and  design  as  well  as  for 
enf or  cement . 

2.  Any  new  truck  weight  or  WIM  monitoring  program  should 
complement  existing  traffic  counting  program  and  should 
cover  other  highways  in  addition  to  Interstates. 


3.  Since  WIM  equipment  can  be  used  for  obtaining  truck 
traffic,  speed  as  well  as  weight  information,  further 
examination  is  required  of  the  feasibility  of  combining 
the  WIM  monitoring  locations  with  existing  traffic 
volume  monitoring  locations  of  the  Program  Development 
Division.  Sites  have  been  selected  independently  for 
the  WIM  Pilot  Study  by  the  Division  of  Research,  IDOH. 

4.  The  results  of  the  WIM  Pilot  Study  should  be  carefully 
monitored  regarding,  particularly,  the  type  and 
accuracy  of  equipment  suitable  for  implementing  a 
continuous  WIM  program. 

5.  Appropriate  education  programs  covering  various  aspects 
of   WIM   applications   and   some   of  the  results  of  the 
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pilot  program,  should  be  given  to  private  truckers  in 
Indiana  to  ensure  some  measure  of  cooperation  if  WIM  is 
to  be  used  eventually  for  enforcement  purposes. 

FHWA  Requirements  for  Traffic  and  Truck  Weight  Data 

The  FHWA  has  guidelines  for  state  highway  traffic 
monitoring  programs  including  truck  weight  surveys  [7]. 
Following  the  general  principles  in  the  FHWA  guidelines,  WIM 
program  in  Indiana  should  be  undertaken  as  part  of  a 
coordinated  program  of  traffic  counting,  vehicle 
classification,  truck  weighing  and  speed  monitoring. 

A  typical  Traffic  Monitoring  Program  outlined  in  the 
FHWA  guidelines  is  divided  into  three  major  elements  T 7 1 : 

1.  Continuous  Count  element 

2.  HPMS  element,  and 

3.  Special  Needs  element 

The  HPMS  element  consists  of  four  sample  subsets. 

1 .  HPMS  sample 

2.  Traffic  Volume  sample 

3.  Vehicle  Classification  sample 

4.  Truck  Weight  sample 

5.  Speed  Study  sample 

Item  5  above  is  added  for  program  completeness   in   Indiana. 
The   Indiana   Speed  Study  is  currently  conducted  annually  by 


27 


the  Joint  Highway  Research  Project  at  Purdue  University. 
Some  of  the  sites  monitored  for  speed  are  included  in  the 
sites  selected  for  the  Pilot  WIM  program  by  DOR  (IDOH).  The 
Program  Development  Division  (PDD)  has  the  direct 
responsibility  for  Items  1  through  4  of  the  HPMS  element. 

The  FHWA  sampling  recommendations  require  a  minimum  of 
90  measurements  taken  over  a  3-year  cycle  with  1/3  of  the 
sample  on  the  Interstate  System.  The  remaining  60 
measurements  are  to  be  distributed  over  the  remaining  state 
roads.  No  roads  classified  as  "local"  in  the  jurisdiction 
of  county  highway  or  city  street  departments  are  included  in 
the  sample.  Table  9  describes  the  suggested  FHWA  truck, 
weight  sample  measurements  covering  two  highway 
stratification  levels  -  Interstates  and  Other  State 
Highways.  Based  on  the  objectives  stated  for  the  WIM 
program  in  Indiana,  the  number  of  locations  may  be  increased 
in  the  long-term.  Particularly,  along  with  Other  State 
Highways  local  roads  may  be  included  to  provide  a 
comprehensive  coverage  of  the  statewide  road  network.  After 
the  completion  of  the  WIM  Pilot  Study  by  DOR,  it  would  be 
possible  to  expand  the  scope  of  the  existing  Truck  Data 
Collection  Program  in  Indiana. 

WIM  Data  Requirements  and  Data  Collection 


An  important  aspect  of  truck  data   collection   programs 


28 


Table  9.   Suggested  Number  of  FHWA  Sample  Measurements 


No.  of  Expected  Precision  (%)  of 

Measurements       Annual        3S2  EAL  System  Estimates 
(3-year)      Measurements  (3-year  Cycle) 


Strata 


Interstate  30 

Other  Roads  60 


10 
20 


10  (95)* 
10-20  (95)** 


*    Sample  estimates  are  expected  to  be  within  ±10%  of 
population  value  with  95%  confidence. 

**   Sample  estimates  are  expected  to  be  ±10  to  20%  of 
population  value  with  95%  confidence. 
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using  WIM  technology  is  the  types  of  data  likely  to  he 
obtained.  To  date,  sample  surveys  conducted  at  static 
permanent  weigh  stations  have  obtained  data  to  fulfill 
requirements  for  the  FHWA  Truck  Weight  Survey  (TWS)  [7]. 
With  the  convenience  of  WIM  technology,  it  would  be  expected 
that  the  need  for  on-site  interview  surveys  would  be 
minimized.  However,  it  is  not  possible  to  obtain  most  of 
the  information  on  specific  characteristics  of  trucks 
weighed  with  WIM  scales  [3].  Table  10  shows  the  data 
typically  obtained  for  the  TWS.  Examples  of  specific  truck 
characteristics  that  cannot  be  obtained  from  WIM  scales  are 
listed  under  Item  B  in  Table  10. 

Interview  data  on  vehicle  characteristics  that  cannot 
be  obtained  using  WIM  equipment,  however,  are  considered 
optional  for  the  FHWA  TWS  [7].  When  Indiana  adopts  WIM 
technology  to  determine  truck  weight  characteristics,  such 
interview  data  will  be  required  periodically  from  sample 
surveys . 

Alternately,  the  Automatic  Vehicle  Identification 
System  (AVI)  using  transponders  fixed  on  trucks  could  be 
used  but  they  have  only  recently  been  tested  in  Oregon  [10]. 
AVI  may  also  not  provide  information  on  load  status  and 
commodities  carried.  The  demonstration  project  that 
involved  200  trucks  operated  by  21  trucking  firms  was 
successful.    The   equipment   performed    well    under    the 
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Table  10.  Suggested  FHWA  Truck.  Weight  Study  Data  Format 


A.  Identification  Data 

1 .  State 

2.  Functional  classification  of  the  highway 

3.  Station  number 

A.   Direction  of  travel 

5.  Year  of  weighing 

6.  Month  of  weighing 

7.  Date  of  weighing 

8.  Hour  of  weighing 

9.  Type  of  vehicle 

B.  Interview  Data  (Vehicle  Characteristics  -  Optional) 

1 .  Body  type 

2.  Engine  type  (fuel  type) 

3.  Registered  weight 

A.   Basis  of  registration 

5.  Commodity  carried 

6.  Load  status 

C.  Axle  Data 

1.  Individual  axle  weights 

2.  Spacings  between  adjacent  axles 

3.  Sum  of  all  axle  weights  (total  vehicle  weight) 
A.   Sum  of  all  axle  spacings  (total  wheelbase) 
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prevailing  environmental  conditions  with  a  recording  rate  of 
about  99.4%  of  the  vehicles  passing.  Although  the  AVI 
equipment  only  required  correct  mounting  for  good 
performance,  it  was  limited  by  the  maximum  range  of  34  feet 
for  the  antennas  that  limits  its  use  to  locations  on  two- 
lane  highways.  At  present,  there  are  no  plans  to  adopt  the 
AVI  system  in  Indiana.  The  AVI  system,  nevertheless,  is 
considered  an  important  component  in  the  long-term  if  WIM 
technology  is  to  be  employed  for  continuous  enforcement 
purposes.  WIM  equipment  such  as  the  portable  Golden  River 
Weighman,  in  addition,  provides  information  on  speed  and 
time  of  passage  and  shows  if  the  weights  measured  comply 
with  the  Bridge  Gross  Weight  Formula  or  not  [7]. 

Adopting  WIM  will  enhance  the  scope  of  data  collection 
for  vehicle  weights  and  other  performance  measures  while 
limiting  general  descriptive  information.  The  FHWA  and  the 
IDOH  should  both  agree  on  the  usefulness  of  the  missing 
information  to  decide  whether  additional  sample  surveys  will 
be  required  . 

Objectives  of  the  Coordination  of  Indiana  WIM 
Data  Collection  Program 


Alternatives  for  WIM  program  coordination  should  be 
developed  to  satisfy  established  objectives  for  the 
utilization  of   truck   weight   information.    The   following 
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objectives   are   suggested   for  the  WIM  program  based  on  the 
results  of  the  survey  of  agencies  in  Indiana. 

The  main  objectives  will  be  to  provide   vehicle   weight 
and  performance  data  that  will  enable: 

1.  the  determination  of  truck  weight  and  axle  weight 
distribution  as  well  as  the  calculation  of  ESALs  and 
growth  factors  for  pavement  design  and  pavement 
management  in  Indiana. 

2.  the  determination  of  truck  weight  distribution  for  the 
review  of  the  vehicle  cost  allocation  distribution 
formula  for  Indiana. 


3.  the  assessment  of  other  characteristics  of  road  use 
such  as  percent  of  trucks,  traffic  growth  factors, 
vehicle  speeds  to  supplement  data  collection  for  HPMS 
and  speed  surveys. 

4.  the  determination  of  truck  overweight  trends  to 
establish  suitable  enforcement  measures  or  to 
determine  new  locations  or  the  need  for  more  detailed 
weight  measurements. 

Alternatives  for  the  WIM  Program  Coordination 

The  WIM  program  objectives  stated   above   suggest   that 
responsibility   for   the   WIM  program  may  be  assigned  to  the 
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Program  Development  Division.  With  the  PDD  already 
collecting  planning  and  traffic  information,  this  step  will 
ensure  the  needed  coordination  of  the  entire  program  for 
traffic  monitoring,  data  collection  and  analysis.  It  will 
also  avoid  unnecessary  duplication  of  data  collected  using 
WIM  equipment  and  other  traffic  equipment. 

Another  alternative  is  to  assign  responsibility  for  WIM 
data  collection  to  the  Division  of  Research  (DOR)  which  is 
currently  in  charge  of  the  pilot  program.  However,  the  DOR 
cannot  assume  permanent  responsibility  for  WIM  data 
collection  because  of  its  other  research  duties.  The 
logical  choice,  therefore,  is  to  assign  the  WIM  data 
collection  responsibility  to  the  PDD. 


Coordination  of  Data  Requi  rement  s 


Although  most  of  the  data  requirements  have  been 
outlined  in  this  report,  each  IDOH  Division  and  other 
appropriate  State  agency  should  review  its  traffic  and  WIM 
data  needs  and  coordinate  its  analysis  and  reporting  with 
the  PDD.  The  PDD  in  turn,  will  define  details  of  reports  to 
be  produced  from  the  analysis  of  weight  and  other  traffic 
data  to  the  Computer  Services  Division  (IDOH).  Each  agency 
will  be  responsible  for  any  additional  analysis  required 
beyond  the  tables  to  be  prepared  from  WIM  data  collected. 
Specific   details   of  the  type  of  reports  to  be  produced  can 
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only  be  determined  during  implementation  of  the  WIM  program. 

Two   types   of   data   collection    and    analysis    are 
suggested : 

a.  Continuous  (or  frequent)  traffic  volume  and  truck 
weight  data  collection. 

b.  Periodic  or  occasional  sample  data  collection  and 
analysis  for  specific  road  locations  and  projects  and 
also  at  continuous  count  stations. 


Continuous  data  will  be  useful  for  forecasting  and  for 
factoring  sample  information  collected  for  planning 
purposes.  Some  of  the  data  collected  during  periodic  or 
occasional  surveys  are  not  routinely  collected  during 
continuous  surveys.  Specific  individual  vehicle 
characteristics  such  as  body  and  engine  type  and  other 
operational  data  such  as  whether  trucks  were  running  empty 
or  loaded  and  the  commodity  type  carried  will  best  be 
obtained  during  periodic  surveys. 

Distribution  of  WIM  Data  Collection  Sites 

Based  on  the  number  of  sample  measurements  (90) 
suggested  by  FHWA ,  a  distribution  of  data  collection  sites 
was  determined  for  Indiana.  Table  11  presents  the 
distribution   of   WIM  sites  by  highway  functional  class.   It 
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is  assumed  that  a  total  of  ninety  sites  will  be  monitored 
over  a  period  of  three  years  as  suggested  by  FHWA.  The 
distribution  is  based  on  total  vehicle  miles  traveled  on 
each  class  of  highway.  The  results  are  presented  for  two 
cases : 

1.  A  total  of  90  sites  with  unrestricted  distribution. 

2.  A  total  of  90  sites  with  Interstates  assigned  30  or   a 
third  of  the  sections  as  suggested  by  the  FHWA. 

Table  11  also  shows  the  distribution  of  sites  including 
roads  classified  as  "local"  for  comparison,  if  it  is 
considered  essential  for  planning  purposes  within  the  state. 
The  case  excluding  Non-Federal -Aid -Highways  has  also  been 
presented.  It  should  be  noted  that  Table  11  provides  the 
number  of  stations  for  each  highway  class.  The  distribution 
of  these  stations  within  a  particular  highway  class  will  be 
made  according  to  traffic  volume. 

Coordination  of  Speed,  Telemetry  and  WIM  Locations 


Speed,  Telemetry  and  WIM  monitoring  locations  were 
examined  for  the  extent  to  which  they  match.  Table  12  lists 
current  locations  for  Telemetry,  Speed  and  WIM  Pilot  Studies 
and  identifies  those  locations  common  to  any  two  or  all  the 
programs.  Ten  sites  in  all  three  programs  and  seven  Speed 
and  WIM  pilot  study  locations  either  coincide  or  are  close 
together  (Figure  2).  Both  speed  and  WIM  measurements 
require  sites  that  are  flat;  hence,  some  telemetry  locations 
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Table  12.   Matching  of  Current  Vehicle  Monitoring  Sites 


IDOH  DISTRICT 


WIM  PILOT 


SPEED 


TELEMETRY 


Laport e 

Laport e 

Laport  e 

Lapor te 

Lapor t e 

Lapor te 

Laport  e 

Lapor te 

Lapor te 

Lapor te 

Laport  e 

Lapor te 

Laport  e 

Lapor te 

Laport  e 

Lapor te 

Lapor te 

Lapor te 

Laport  e 

Lapor te 

Lapor te 

Lapor te 

Laport  e 

Fort 

Wayne 

Fort 

Wayne 

Fort 

Wayne 

Fort 

Wayne 

Fort 

Wayne 

Fort 

Wayne 

Fort 

Wayne 

Fort 

Wayne 

Fort 

Wayne 

Fort 

Wayne 

Fort 

Wayne 

Fort 

Wayne 

Fort 

Wayne 

Fort 

Wayne 

WIM 
WIM 


WIM 


WIM 
WIM 


WIM 
WIM 


RAC-9 

RAC-5 

RIC-4 

RIC-9 

UFC-2 

UAC-3 

RCS-2 

RCS-3 

RCS-5 

UAS-1 

UIS-2 

RAS-7 

*UI-1 

*4L-20 

*4L-32 

*2L-91 


RAC-10 

RCC-4 

RIC-8 

RIS-1 

RIS-2 

*RI-21 


RA2210421 


UF1430031 
UA1500020 


RC1300017 


RA1210030 


UI1400094 
RI1120094 
UI1410065 
RA1200041 
RI1110065 
RA2220024 
RA  12 300 3  1 


RC1310101 


RC1330120 
UA1520033 
RA1220006 
UA1530015 
UI1420069 
UA1510037 
RC1320124 
RI1100069 
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Table     12     (Continued) 


IDOH  DISTRICT 

WIM  PILOT    SPEED 

TELEMETRY 

Crawf ords vi lie 

WIM 

RCC- 

-1 

RC2300042 

Crawf ordsville 

RAS- 

-4 

Crawfordsville 

RAS- 

-6 

Crawford  s ville 

RIS- 

•5 

Crawfordsville 

RIS- 

-10 

Crawfordsville 

*4L- 

•17 

Crawf ords vi lie 

*2L- 

-79 

Crawfordsville 

*RI- 

-34 

Crawf or ds vi lie 

*2L- 

-54 

Crawf or dsvil le 

UA2510052 

Crawfordsville 

RA2230231 

Crawfordsville 

RI2120074 

Crawford  s vi 1 le 

RC2340136 

Crawf ordsville 

UI2430070 

Crawfordsville 

UA2520041 

Crawfordsville 

RI2100070 

Greenf  ield 

WIM 

UIC- 

-3 

UI2400065 

Greenfield 

WIM 

UIC- 

-5 

UI2400065 

Greenf  ield 

WIM 

UFC- 

-1 

UF2410037 

Greenfield 

WIM 

RAS- 

-3 

Greenf  ield 

RIS- 

-3 

RI2110070 

Greenfield 

RIS- 

-7 

Greenf  ield 

WIM 

UIS- 

-1 

UI2420465 

Greenfield 

WIM 

UIS- 

-4 

Greenf  ield 

*4L- 

-21 

Greenf ield 

*UI- 

-6 

Greenf  ield 

*RI- 

-12 

Greenfield 

*2L- 

-18 

Greenf  ield 

UA2530003 

Greenf  ield 

RC2330001 

Greenfield 

UA2500009 

Greenfield 

RC2310040 

Greenf  ield 

RC2320042 
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Table   12  (Continued) 


IDOH  DISTRICT 


WIM  PILOT 


SPEED 


TELEMETRY 


Vincennes 

Vincennes 

Vincennes 

Vincennes 

Vincennes 

Vincennes 

Vincennes 

Vincennes 

Vincennes 

Vincennes 

Seymour 

WIM 

Seymour 

WIM 

Seymour 

WIM 

Seymour 

Seymour 

Seymour 

Seymour 

Seymour 

Seymour 

Seymour 

Seymour 

Seymour 

Seymour 

Seymour 

Seymour 

Seymour 

RIC-6 


RAC-2 
UAC-2 
RAS-1 
RAS-8 
*RI-6 


RI3120064 
RC3300550 
RC3340056 
RA3200056 
UA3530162 
RC3310064 
RC3330061 
RA3240041 
UA3510066 
UA3520041 

RC3230056 


RA2200067 
UA2540045 
RI3100074 
RA3220421 
RI3110065 
RA3210050 
UA3540421 
RC3320160 
UI3400265 
UI3410065 
UA3500062 


Radar  speed  site 
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may  not  be  suitable  for  speed  monitoring.  In  general, 
wherever  speed  monitoring  locations  and  telemetry  sites 
coincide,  speed  information  can  be  obtained  from  telemetry 
data.  Similarly,  WIM  can  be  used  to  obtain  speed 
information  whenever  speed  and  WIM  sites  coincide.  In  each 
case,  provision  should  be  made  for  instrument  calibration. 
For  electronic  hook-up  to  the  telemetry  system  by  either  WIM 
or  speed  measuring  equipment,  care  is  required  to  ensure 
continuity  of  information  obtained  by  telemetry. 

As  part  of  a  continuous  weighing  program,  it  is 
desirable  that  WIM  data  be  collected  at  or  near  the 
telemetry  sites  for  comparative  analysis  of  traffic  and 
weight  information.  Suitable  sites  for  WIM  can  be  selected 
from  current  locations  after  field  inspection.  All  sites 
identified  above  should  be  included  in  the  90  locations 
monitored  for  FHWA.  The  locations  near  current  permanent 
weigh  stations  are  automatically  included  as  has  been  done 
for  the  WIM  Pilot  Study.  The  remaining  sections  can  be 
randomly  selected  to  make  up  the  90  locations. 


Unlike  the  traffic  information  that  is  collected 
continuously  using  telemetry  equipment,  WIM  data  at  the 
permanent  locations  should  be  initially  collected  h  times  a 
year,  one  in  each  season.  The  frequency  should  be  reduced 
if  consistent  repeating  patterns  are  identified.  Sample 
weighings   can   be   undertaken   at   additional   locations  as 
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required  for  completeness  of  the  program. 

Implementation  Needs 
- 

In  order  to  coordinate  effectively  the  WIM  data 
collection  program,  a  suggested  distribution  of  WIM  stations 
has  been  discussed.  In  addition,  a  review  was  also  made  of 
staff  and  equipment  requirements.  From  the  suggested 
objectives  outlined  earlier  and  in  view  of  some  uncertainty 
of  portable  WIM  equipment  accuracy,  it  is  assumed  that 
portable  WIM  equipment  may  not  be  used  for  direct 
enforcement  purposes  in  which  citations  are  issued.  It  is 
generally  accepted  that  high-speed  WIM  cannot  be  used  for 
enforcement  purposes.  However,  where  required  for 
enforcement,  the  WIM  equipment  can  be  used  for  screening 
trucks  near  a  permanent  weight  station  or  for  identifying 
the  extent  of  weigh  station  evasion  and  the  use  of  bypass 
routes  as  discussed  in  the  objectives  of  the  program  for 
Indiana . 


For  studying  weigh  station  evasion  by  truckers,  special 
surveys  should  be  conducted  on  highways  that  are  alternative 
routes  to  Interstates  near  the  permanent  weigh  stations. 
This  can  be  undertaken  as  part  of  the  regular  WIM  program  by 
selecting  sites  on  other  highway  classes  that  are  alternate 
routes  to  interstates  near  their  permanent  weigh  stations. 
Truck  volume   and   weight   distribution   characteristics   on 
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alternate  highway  classes  during  truck  weight  station 
opening  and  closing  times  can  be  analyzed  and  compared  to 
distributions  at  the  weigh  station.  On  the  other  hand, 
where  WIM  program  sites  cannot  be  located  on  highways  near 
permanent  weight  stations,  special  studies  can  be  conducted 
at  least  once  a  year  to  determine  the  above  characteristics. 
The  characteristics  analyzed  will  provide  information  for 
enforcement  programs  as  well  as  for  truck  driver  and  trucker 
education. 

As  mentioned  earlier,  the  type  of  specific  information 
to  be  generated  can  be  determined  as  the  implementation  of 
the  WIM  program  takes  place.  However,  on  the  basis  of  the 
survey  conducted  in  the  present  study,  a  general  plan  can  be 
prepared  as  to  the  need  of  the  data  summaries  in  terms  of 
information  type.  In  Table  13  is  given  a  list  of  agencies 
and  the  possible  need  for  the  specific  WIM  data.  The  data 
format,  the  frequency  of  reporting  and  other  details  will 
have  to  be  determined  during  the  implementation  process. 
However,  it  can  be  expected  that  information  will  be  useful 
if  provided  by  location  and  by  highway  class.  Also, 
summaries  may  be  daily,  monthly  or  yearly.  Periodic 
comparison  can  be  made,  when  applicable.  Also,  telemetry 
station  summaries  may  be  useful,  where  applicable. 

Manpower  and  Equipment  Requirements 


It  is  expected  that  two  two-man  teams  consisting  of  two 
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Table  13.   Type  of  Data  Summaries  and  Agencies, 


Re po r t / Summa ry  Data 
Total  Vehicle  Weight 


Agency 
DD;  DO;  DR;  ISP;  TD;  TPO 


Classification  (%  Trucks)    DD;  DO;  DOR;  IDOT;  ISP;  MPO; 

PBD;  PDD;  TD;  TPO 


Axle  Weight  Distribution 

Number  of  Axles 

Axle  Spacing/Wheelbase 

Percent  Truck  Overweight 

Bridge  Formula  Compliance   DOR;  ISP;  PDD 

ESAL  DD;  DOR;  PU 

Speed  DTS;  TD;  ISP 


DD;  DO;  IDOT;  ISP;  PDD;  TPO 
BMV:  DD;  PDD;  IDOT;  TD;  TPO 
IDOT;  PDD;  TD 
ISP;  PDD 


Legend:   BMV  -  Bureau  of  Motor  Vehicle 

DD  -  IDOH  Design  Division 

DO  -  IDOH  District  Offices 

DOR  -  Department  of  Revenue 

DR  -  IDOH  Division  of  Research 

DTS  -  IDOH  Traffic  Safety  Division 

IDOT  -  Indiana  Dept.  of  Transportation 

ISP  -  Indiana  State  Police 

MPO  -  Metropolitan  Planning  Organization 

PBD  -  IDOH  Planning  &  Budget  Division 

PDD  -  IDOH  Program  Dev.  Division 

PU  -  University  Research 

TD  -  IDOH  Traffic  Division 

TPO  -  Indiana  Transportation  Planning  Office 
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trained  technicians  would  be  necessary  to  cover  all  thirty 
sites  in  any  particular  year  of  WIM  measurements.  Both 
teams  should  be  under  the  supervision  of  an  engineer  in 
charge  of  the  truck  data  collection  program.  For 
familiarity  with  the  WIM  system,  or  to  forestall  delays  due 
to  sickness  and  other  emergencies,  all  four  technicians  can 
be  trained  and  permanently  assigned  to  the  program. 
Alternatively,  two  technicians  can  be  permanent  with 
assistants  assigned  when  required.  Another  approach  similar 
to  one  currently  adopted  in  the  Purdue  speed  monitoring 
studies  can  be  considered.  There  can  be  one  permanent  WIM 
project  technician  who  can  be  assisted  by  a  traffic  staff 
from  districts  at  different  locations  during  the  on-road 
measurements  only.  Though  this  has  the  advantage  of 
reducing  permanent  staff  required,  it  does  not  guarantee  the 
availability  of  knowledgeable  alternate  WIM  technicians.  On 
the  other  hand,  with  two  technicians,  both  can  be  engaged  in 
the  preparation  of  loops  and  other  layout  materials  required 
for  the  mat  installation. 


Two  portable  WIM  equipment  will  be  required  for  the 
program.  This  would  ensure  that  at  least  one  team  would  be 
operational  when  one  equipment  fails  or  is  being  maintained. 
Table  14  shows  details  of  equipment  and  manpower 
requirements  for  each  team. 
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Table  14.   Annual  Cost  of  Portable  Weigh-in-Motion  Program 
(Employing  Two  Study  Teams) 


Item  Annual  Costs 

A.  Salaries 

1  Eng. /Supervisor   @  $25,000  $25,000 
4  Technicians       @  $15,000  $60,000 

B.  Equipment 

2  (printer,  Weighman,  Retriever)    @  (2x21,000)/3  yrs  $14,000 

C.  Parts  and  Supplies 

2  Mat     $12,000  $12,000 

2  Oscillator    $1,200  $1,200 

2  Loops    $2,800  $2,800 

2  Mat  Supplies   $4,000  $4,000 

2  Loop/Mat  Tester    $(l,200)/3  yrs                          $400 

D.  Traffic  Control 

2  ($300/week  x  k   weeks  x  6  months)  $14,400 

E.  Vehicle  Cost 

2  ($12,000/5  yrs'i  $4,800 

F.  Overheads 

47.5%  x  Salaries  $40,375 


TOTAL  COST  $178,97  5 
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Cost  of  WIM  Data  Collection  Using  Portable  Equipment 

Table  13  presents  estimates  of  the  annual  cost  of  the 
WIM  program  employing  two-man  teams.  The  total  cost  is 
estimated  as  $  178,975  including  $40,375  of  overhead  costs. 
The  equivalent  cost,  if  only  one  team  is  used,  is  estimated 
at  $107,925  ($26,125  for  overhead  costs).  The  estimates 
assume  a  mat  life  of  one  year,  an  equipment  life  of  three 
years  and  a  van  life  of  five  years.  Six  replacements  of 
faster  wearing  mat  supplies  (pads,  metal  strips,  bituthane 
strips,  rivets,  and  so  on)  are  allowed  for  in  a  year. 
Overhead  is  an  optional  addition  to  the  cost  since  it  may 
easily  be  absorbed  by  the  existing  administrative  facilities 
available  within  the  IDOH  for  traffic  and  other  studies. 

Future  Work  During  Implementation 

During  implementation  the  PDD  should  undertake  the 
following  activities: 

1.  Follow  up  the  completion  of  the  WIM  Pilot  Program 
Report  and  identify  results  and  new  problems  with  data 
collection  and  analysis. 


2.  Identify  road  locations  for  WIM  monitoring  based  on 
the  suggested  distribution  in  Table  11  in 
collaboration  with  DOR  of  IDOH  and  Purdue  Universitv. 
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APPENDIX    B 
WEJOH  STAT10T5'  PROJECT  NUMBERS 


Project  No.         Road 
Cravfordsville  DiFtrict 


V-102   (2) 


I -71    (E) 

(1-1985) 


Section 


23 


Subdistrict 


Location 


Veedereburp  2.73  ml.  Vest  of  S.R.  3L1 


Ft.  Wayne  District 


W-201  (1) 
V-202  (2) 


US  6  (H) 


57 
35 


1-69  (E) 

(NB-2-1983) 

(SE-3-19B6)  Under  Contract 


OoBhen        0.66  mi.  Vest  of  U.S.  33 
Fluff ton       2.5  mi.  Northeast  of  S.R.  5 


Greenfield  District 

V-30h  (2)    1-70  (E)       89 
(3-1982) 

LaPorte  District 

V-102  (1)  US  20  (H)  61 

V-L06  (2)  1-65  (E)  16 

(1-1981;) 

V-L07  (2)  I-9h   (E)     .  6b 

(1-19    ) 


Centerville  1.0  mi.  Vest  of  U.S.  35 

Valparaiso  l.h  mi.  East  of  S.R.  b9 

Gary  1.0  mi.  North  of  S.R.  2 

Valparaiso  •   5.7  mi.  Vest  of  U.S.  b21 


Seymour  District 


V-502  (2) 
v-503  (1) 


1-65  (E) 
(3-1963) 


36 


1-71*  (E)  15 

(3-1986)    Under   Contract 


Seymour 
Aurora 


1.2  mi.  North  of  U.S.  50 


0.5  mi.  Vest  of  State  Line 


Code:   (1-1966)  1st  number  is  manufacturer 

2nd  number  is  year  constructed 
(1)  or  (2)   Number  of  Stations 
(E)   Electronic  Scale 
(M)  Mechanical  Scale 


1  •  Streeter  Richardson 

2  ■  Kasstron 

3  ■  Veigh  Tronix 


